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Abstract 
One of the utilities of Virtual Reality is to provide its 
users with new perspectives, which is a promising 
application for architectural and interior design. In this 
paper, we investigate the effects of varying spatial 
scale perception (SSP), the perception of risks, and the 
ability to detect them in the virtual environment. We 
conducted a user study where participants experienced 
four unique perspectives, that of a two-year-old child, 
an eight-year-old child, an adult and a person in a 
wheelchair by manipulating their virtual inter-pupillary 
distance and eye height. We found that varying SSP 
had significant impacts on the perceived level of risk, 
heights of the identified risk, and the number of risks 
discovered. The results yielded empirical evidence to 
support that experiencing different SSP, can potentially 
help identify issues during an architectural design 
process for various groups of users. 
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Introduction 
To create better designs, designers must empathise 
with their target users, who may have special needs, 
e.g. young children, users with disabilities. Virtual 
Reality (VR) has the potential to improve and 
accelerate the design process by letting the designers 
and stakeholders experience different designs from 
many perspectives within virtual environments (VEs). 
This research focuses on utilising VR for users to 
experience an alternate perspective in an application 
for interior design [4] with a focus on health and safety 
in household environment. 
Spatial scale perception (SSP) is our ability to perceive 
the relative size between ourselves, objects of interest, 
and the surrounding environment. These experiences 
are subjective to each individual, and several factors 
influence our SSP, such as one’s eye height (EH) or 
inter-pupillary distance (IPD). For example, a small 
child with lower EH and smaller IPD would perceive the 
environment to be larger than an average adult [9]. 
Nonetheless, designers are typically adults who 
perceive the world from their perspective making it 
more challenging, not to mention other shortcomings 
such as a lack of standardization and regulations for the 
safety of children's furniture [8].  
In this paper, we chose combinations of EH and IPD as 
our independent variables. Manipulating eye height is 
trivial in the real world; however, it is difficult if not 
impossible, to change one’s IPD. However, these 
attributes can be trivially altered within VR. Techniques, 
such as spatial scale manipulation, allow users to view 
the world from different perspectives. Applying such a 
technique in a design context has the potential to help 
designers see the world from the target user’s point of 
view. This can be invaluable during the design process 
to assist and influence the designers in their creation of 
better products for different groups of target users. 
Past research has found that the manipulation of both 
EH and IPD are crucial to simulate different levels of 
SSP, and that altered perception could elicit different 
behavior from users [9, 15]. For example, a study that 
let participants experience a child’s perspective and 
virtual representation in a VE found them to illustrate 
child-like attributes [2]. Similarly, in another study that 
had the participants experience different virtual 
representation, one taller and the other shorter, they 
found that the taller ones appeared more confident 
during a negotiation [18]. 
One of the first research that demonstrated support for 
multiple levels of SSP for a collaborative design task 
was the multi-scale collaborative virtual environment or 
MCVE project [17]. MCVE allowed users to collaborate 
in the VE for an urban planning scenario. The users 
could view the city from a regular scale at street level 
or a giant scale for a better understanding of the 
landscape. Subsequent research also showed that 
providing multiple levels of SSP in a VE could improve 
user spatial understanding [17], enhance navigation [1, 
10, 15], and enrich collaboration [14, 16, 17]. Beyond 
manipulating the user’s perspective, several studies 
investigated the effects of altering the scale of the 
virtual avatar’s body parts such as hands [12], feet [7], 
self-avatar [2]. They found significant effects on the 
user’s perception for different sizes.  
Figure 1: Spatial scale perception -
four perspectives, a 2-year-old child 
(2yo), an 8-year-old child (8yo), a 
person in a wheelchair (W/C), and an 
adult (Adult). 
 
To the best of our knowledge, no study has 
investigated how the manipulation of SSP in VR can 
help identify potential risks to improve the safety of an 
interior environment, especially for children and 
persons with disabilities. This research has made 
several contributions as follows: 1) the first user study 
to investigate multiple levels of manipulation of SSP for 
risk assessment in interior design, 2) a VR risk 
assessment scenario as a tool to assist in the interior 
design process, 3) empirical evidence to support that 
the different perspectives through SSP manipulation in 
VR has a potential to assist designers in better design 
for different end-users.  
User Study 
We conducted a user study where the participants 
identified and assessed the potential risks in a virtual 
two-storey apartment from a different user’s 
perspective. Our goal was to better understand the 
impacts of SSP manipulation in the interior architectural 
visualization and risk assessment task. We compared 
the outcomes of experiencing different perspectives, 
our independent variable, the user’s perception of risks 
and hazards and their ability to identify them in the VE. 
Our hypotheses were: 
Experiencing different perspectives in VR would 
significantly impact the participant’s perception of 
risks in terms of H1) perceived level of risk (Risk 
Rating) and H2) the total number of risks identified 
(Number of Risks), and their ability to identify the 
risks in terms of H3) average risk height (Risk 
Height). 
The Risk Rating was a 5-point Likert scale. The Risk 
Height was recorded in centimeters. The Number of 
Risks was an accumulated number of risks identified by 
all seventeen participants in each condition. These were 
our three dependent variables. To simulate various 
perspectives, we manipulated three levels of EH and 
three levels of IPD as shown in Table 1. However, 
instead of a 3×3 factorial design between EHs and 
IPDs, we were interested in the actual perspective of 
different user groups and chose four perspectives to 
simulate (see Figure 1): a two-year-old child (2yo), 
eight-year-old child (8yo), an adult in a wheelchair 
(W/C), and an adult (Adult). We based our EH 
selections on the growth chart published by CDC [11]. 
The EH is approximately 100 mm below the average 
height between female and male averages. The 
average IPD used in previous research was 63 mm [5, 
6]. However, for the child’s IPD, we referred to 
MacLachlan and Howland [13] due to their large sample 
size and finer age division. The study was within-
subjects and the four conditions were counter-
balanced. We recruited 17 participants from the 
University of Canterbury (average age of 32.4 years 
(SD=11.8), and an average height of 157.8 cm 
(SD=41.0), nine females). Five participants reported 
 
Figure 2: A virtual two-storey 
apartment used in the experiment 
(top), workstation setup and 
experimental space (mid), and a user 
in space   
Table 1: Four conditions were chosen from different levels 

























having children. In terms of experience with VR, seven 
participants had no previous VR experience, six used it 
a few times in a year, two monthly, one weekly, and 
one daily.  
Experimental Setup 
The design requirements for our system are 1) must 
support dynamic adjustments of the virtual EHs and 
IPDs to simulate four perspectives, 2) be efficient to set 
up and re-calibrate when required, 3) provide a realistic 
rendering of the VE, and 4) support standard 
navigational methods in VE. Following these design 
requirements, we chose a combination of hardware and 
software. For hardware, we used 1) HTC Vive pro VR 
system with one VR Headset, three Lighthouse Base 
Stations, and two VR Controllers, 2) A desktop PC with 
Intel Core i7 @ 4.40GHz, 32 GB of RAM, and NVIDIA 
GeForce RTX 2080. For the software, we chose to use 
the Unreal Game Engine (version 4.15) to develop our 
system on Microsoft Windows 10 and the SteamVR API 
(version 1.6.10) to interface with the VR hardware. 
Figure 2 (top) shows a model of a virtual apartment 
used in our study. For the virtual representation, the 
participants were given only virtual hands as we 
wanted to keep the study simplistic and avoid any 
potential confounding factors. The experiment space 
was fully tracked with a dimension of 2.7 × 2.7m as 
shown in Figure 2 (mid). The participants stood in 
every condition except in W/C, where they were seated 
in a wheeled office chair. 
Procedure 
The study was approved by our university's Human 
Ethics Committee. Participants were given an 
introduction to the study, signed a consent form, and 
filled out a demographic questionnaire. The 
experimenter explained the risk assessment process 
and the types of risk that could be presented in the 
environment. We defined hazards as situations that 
pose a threat to health and safety, and risks as 
products of the consequence and probability of a 
hazardous event. The types of the risk presented were 
falls, fires, poisoning, drowning, cuts, and burns. Apart 
from the inherent risks presented in the virtual 
apartment such as sharp table corners and steep stairs, 
we included 10 randomly positioned risks to reduce the 
learning effects such as a knife or a flower vase. 
The participants were then demonstrated how to 
operate the VR equipment and the VR interface in our 
system. They could use a touchpad on the VR controller 
to move forward and backward. To reduce 
cybersickness, they needed to physically turn with their 
head. Figure 3 shows the three steps for identifying and 
rating risks in the study, which comprises of three 
steps: 1) tagging (identifying the hazard and marking 
it), 2) moving (the hazard might be further away, so 
they needed to move the tag into position), and 3) 
rating (identifying the level of risk on a 5-point scale 
from Very Low to Very High). The rating was based on 
Figure 3: The risk assessment marking process comprises 
of 3 steps: 1) create a ring marker using a left VR 
controller, 2) position the marker along a ray cast from the 
right VR controller, and 3) choose a color that represent 1 
of 5 risk rating. 
 
Figure 4: Partial cross sections of the 
apartment with 5 color dots 
representing all the accumulated 
risks rated for each condition. 
 
the perceived risk to their health and safety to 
themselves from their current perspective. 
Furthermore, the experimenter used this opportunity to 
calibrate the participant’s virtual EH offsetting their own 
height such that every participant experienced the 
same EH for the same condition. The participants were 
then given a brief training session to familiarize 
themselves with our system in a different virtual room. 
When the actual experiment began, participants 
experienced four conditions in a counter-balanced 
order. The participants were asked to think aloud 
during the assessment process for the experimenter to 
record. As the study was completed, the participants 
were asked to complete a System Usability Scale (SUS) 
questionnaire [3]. Each session took approximately 50 
minutes to complete.  
Results  
The Shapiro-Wilk Test indicated that our data 
significantly deviated from a normal distribution (Risk 
Rating - W=0.88, p<.0001, Risk Height - W=0.90, 
p<.0001, and Number of Risks - W=0.82, p<.0001). 
The Friedman test yielded significant difference for Risk 
Rating (χ2(2)=951.9, p<.0001), Risk Height 
(χ2(2)=1866.1, p<.0001), and Number of Risks 
(χ2(2)=89.0, p<.0001). 
For post-hoc pairwise comparisons, we used Wilcoxon 
signed-rank tests with Bonferroni correction (p-value 
adjusted). Figure 5 illustrates the plots of the results. 
For Risk Rating, the pairwise comparisons yielded 
significant differences for 2yo-Adult (V=7856.5, 
p<.0001), 2yo-W/C (V=9492, p<.0005), 8yo-Adult 
(V=8384, p< .0005) and 8yo-W/C (V=8797, p<.001). 
For Risk Height, the significant differences were found 
between 2yo-Adult (V=2569, p<.0001), 2yo-W/C 
(V=5677, p< .0001),  2yo-8yo (V=9709, p<.0001), 
8yo-Adult (V=6860, p<.0005) and W/C-Adult 
(V=12683, p<.0005). Lastly, for Number of Risks, 
the pairwise comparisons gave significant differences 
between 2yo-Adult (V=148, p<.001), 2yo-W/C (V=105, 
p=.002), 8yo-Adult (V=120, p= .008) and 8yo-W/C 
(V=138, p= .004). There were no significant 
differences for Session Duration between conditions. 
Discussion 
Our results provided strong evidence to support all 
three hypotheses, H1, H2, and H3 that experiencing 
different perspectives in VR would significantly impact 
the participant’s perception of risks in terms of 
perceived level of risk (Risk Rating) and a total number 
of risk identified (Number of Risks), and their ability to 
identify the risks in terms of average risk height (Risk 
Height).  
In terms of perceived level of risk or Average Risk 
Rating, we found that a combination of lower EH and 
smaller IPD influenced the participants judgement of 
perceived level of risk with the average ratings of 2yo 
(x̄=3.8, SD=1.1), 8yo (x̄=3.6, SE=1.2), W/C (x̄=3.2, 
SD=1.3), and Adult (x̄=3.1, SD=1.3). Participants 
found the risks more threatening from a child’s 
perspective. This can be seen in Figure 4 where the 
level of risk and colors are from very low in blue, low in 
green, moderate in yellow, high in orange, and very 
high in red. It is evident that there is a higher density 
of blue and green dots in the Adult and W/C conditions, 
and more orange and red in 2yo and 8yo. 
In terms of number of risks identified, the Average 
Number of Risk were 2yo (x̄=19.6, SD=8.0), 8yo 
(x̄=17.7, SD=10.8), W/C (x̄=12.4, SD=8.6), and Adult 
(x̄=11.6, SD=8.0). There were significantly more risks 
found as a child in the 2yo and 8yo conditions 
 
Figure 5: Study results as plots. 
 
compared to an adult in W/C and Adult. Figure 6 shows 
the number of risks found for various intervals of height 
relative to the floor level where the participants stood. 
We observe that taking a child’s perspective made it 
easier for the participants to identify more risks in the 
VE given a similar amount of time in each condition. We 
found the participant’s ability to identify the risks, in 
terms of Average Risk Height for 2yo (x̄=70.0, 
SD=48.8) yielded a low height level, 8yo (x̄=104.2, 
SD=58.6) and W/C (x̄=110.4, SD=69.2) were 
moderate, and Adult (x̄=133.2, SD=69.8) produced a 
high level. This was our expectation that a unique level 
of height would provide a unique perspective and 
influence the average number of risks found.  
From observation, we found that participants showed 
particular interest when they experienced a 2yo 
perspective. Some participants performed child-like 
behaviors such as jumping, tiptoeing, or stretching 
their arms trying to reach difficult places. This aligns 
with the findings from past research [2]. We also 
observed that having a child’s perspective made it 
easier for the participants to compare their size to the 
environment (e.g., furniture, gaps), even though, we 
did not provide a full-body virtual representation. We 
also observed that most participants were able to 
identify structural risks easily, e.g. sharp corners, when 
experiencing different perspectives. However, for more 
subtle risks, such as chemicals, the participants who 
had children were more likely to notice. In another 
case, participants in the W/C condition found it difficult 
to turn around and navigate in the chair, for example in 
the small corridor in the VE. 
With the post-experimental questionnaire, we asked 
the participants two questions, “Was there any benefit 
in experiencing different perspectives in the task?”, and 
“Did experiencing different perspectives influence your 
decision in the task?”. For the first question, all 
participants gave a positive response and for the 
second, only one participant gave a neutral response. 
For example, P1 stated, “I didn’t notice the hazards and 
they didn’t appear to be dangerous until I saw them 
from another perspective”. Some participants 
mentioned that seeing from another perspective would 
help them understand the others and gain insights into 
the needs and threats corresponding to a different age, 
height, and mobility. Some participants also pointed 
out that experiencing different perspectives in VE might 
be useful in other domains such as designing a playpen 
for children. P5 suggested that “People can try it in VR 
as a trial system before implementing any project”. P6 
said that “With this kind of system, designers can 
eliminate the potential hazards in the environment for 
different people”. 
Conclusion and Future Work 
We present the first user study to investigate multiple 
levels of manipulation of spatial scale perception using 
VR for risk assessment in interior design. Four unique 
perspectives of a two-year-old child, eight-year-old 
child, an adult in a wheelchair, and an adult were 
compared in terms of the perceived level of risk, the 
number of risks identified, and average risk height. The 
results were significant and provide strong evidence 
that experiencing different perspectives in VR does 
impact the participant’s perception and their ability to 
identify risks. For future work, we would like to further 
identify the types of risks that are more effective to 
visualize and identify through the manipulation of 
spatial scaled perception and also investigate the 
impacts of spatial scale perception on scale estimation 
when designing products for different target users. 
Figure 6: Plots of number of risks 
recorded for all height intervals. 
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